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4 The N•v.l Surface Weapons Center (NSWC) has a continuing task -iron the
Department of Defense Explosive Safety Board (DDE3B) to estaoltsn iaetnods ror

. predicting the fracnent nazards due to the inadvertant explosion or ordnance
items. As part of this tasK, NSWC has established a compater model which
predictsi fragment hazards. This cor'puter model WdS explained In the minutes
of the twenty-first DCD Explosives Seminar.

' * "'he computer model calculates individual trajectories for each fragment

S "recovered In small-scale Fragment arena testsk The following variables affect
the individual fragment trajectories:

.,* E1 - Initial Elevation Angle
VI - Initial Velocity
A/M - Area to Mass Ratio
ALT - Altitude
RHO - Air Density
MN - Mach Nvmber
HO - HOIg.t of the Origin
SC - Soil Constant (Ricochet)
W - Wind Speed and Direction

Sc -Drag Coefficient

Except for CD, all or these variables can be defined with a fair degree
of accuracy by teats, measurement.s, and calculations.

" .The drag coefticient for any fragment is a runction of shaoe only. For
regular fragments, like spheres or cubes, the drag coefficients are rea.onabl) 0
well defined. For Irregular fragments, like those from bombs or concrete
walls, no two fragments have exactly the same shape. As a result, no two
Irregular fragments have exactly the same drag coe~ficienL. In all cases,
drag coeFriclent is a function or Mach Number.

The drag coe[ficients for Irregular fragments are not only uncertain but.
have a pronounced effect on Far-Field range. Figure 1 shows range versus CD
*For a typical fragment. The range of low subsonic CD varies from .5 to 1.5. a
factor of three. Associated range varies by a factor o: more than 2. This
represents a large range uncertainty In trajectory 'alesutations f*ýr
eutablishing fragment hazards. If this unuertainty is to be reduced, some
correlation must be established between CD and the characteristics of the

*o irregular fragments.

CD is a function or shtape only. Therefore any correlating parameter
% "hould be dimenslotmlcss; that is, geometrigally similar fragments which have

.theesae CD should have the same correlating parameter. For example, we might• "' .. take the ratio or' the maximum presented area to the minimum prd.nented area as

afmeasure or shape. For a sphere this ratio would always be oeie no matter
•- . what the size of the sphere. For a cube this ratio would always be 1.732.

The impetus for this program was provieed b. a: obst.,vation having to do
with the data contained in reference (a). That report contained the first
sy•tematic look at air drag for fragments. Three regular fragments.were
studied In the report, I.e., a sphere, a c-ibe and a bar. Th.a bar length,
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width and thickness were. in the ratio or 5-I-I. Sinc'e those rragmento were
regular, exact ratios of maximum to minimum precented area could be ' .
calculated. The results were as follows:

FRAGM4ENT :34APE

SPHERE CUBE BAR (5-1-1)

CD (MN .75) .60 .88 1.12
AMAX/AMIN 1.00 1.73 7."14

Note that as the correlation ratio increases so does the CD. The report
also showed that the CD for irregular fragments was greater than those for the ,.-.
sphere or cube. For irregular fragments the area ratio could be expected to
be on the order of that :or the bar. Everything seemed to support. the idea
that the CD for irregular fragments could be correlated with dimensionless
parameters.

To follow up on this idea, it was decided to choose 96 fragments with a
wide variation of shapes for test in the vertical wind tunnel at Ballistic
Research Laboratory (BRL) in Aberdeen, Maryland. Four different kinds of
meazurement were made on each fragment.

1. Linear Maxima: Length, width and thickness

2. Linear Averages: Length, width and thickness

3. Perimeters: (3 planes)

4. Presented Areas e

a. Maximum
b. Average
C. Minimum
4. Variance .

e. Standard Devfation ."

Linear dimensions were measured as shown in Figure 2. Note that .n
calculating average dimensions, the average thickness is caleulated to produce
an equivalent weight and volume rectangular parallelepiped.

Perimeters were measured in three planes as shown in Figure 3. Note that
the perimeters do not exactly follow the contour of the fragment but represent
a stretched string around the high points.

Fragment presented areas were measured in two ways. Measurements were
made using an icosahedron gage, and calculations were performed on the ... _
equivalent weight and vclume rectangular parallelepipeds. Figures 4 and 5
show the essentials of these measurements and calculations. The icosahedron"
gage is an optical device which throws a shadow of the fragment onto a sensing *---

surface. The associated electronics produces a readout of presented area.
The optical axis is poitioned at 16 approximately equally spaced aspects so
as to produce 16 distinct presented areas which can be analysed for a variety %
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of statistics. The icosahedron gage cannot mount a fragment weighing more
than 1500 grains. For larger tragmen:s, presented area statisticýs are
"calculated using the rtctangular parallelepipeds as shown in Figure 5.

All or the linear, perimeter and area measurements for the 96 fragmento
are contained in Tables A-1, A-2 and A-3 of Appendix A.

The esiential aspects of the vertical wind tunnel are shown in Figure 6.
In op;ratLon. a fragraent Is placed on the fragment Support screen In either .-.

the upper cr lower test section depending on the air velocity necessary to
raise the fragment. The air speed is controlled by opening the inlet vanes of
the con:.ant speed Pan. The air speed is adjusted until the fragment rises
from tUe screen and assumes a relatively constant height. At this time, the
air stream velocity is read directly from the velocity calibrated manometer.
Air density Is calculated from LhI ambient pressure and temperature. Ambient
convitions are acceptable because or the relatively low air velocities
priduced In the tunnel. These parameters together with the weight and average
•.-esented area of the fragment are then used to calculate the low subsonic
drags coefficient (CD).

Each fragment was tested in the vertical wind tunnel. The velocIty of
the air stre3m is incruased until the fragment hovers in the air stream at
near contEant vertical height. In this vertical equilibrium position the drag
and gravity forces will also bG in equilibrium. From previous measurements we
know the weight and average presented area of the fragment. From the wind
turnel we establish the density and velocity of the air stream. As shown in
Figure 7, once we know these values, we can calculate CD. Since we operate at
a single air velocity we can only obtain a single point on the drag curve.
This point is in the low subsonic region, roughly about a Mach Number of *.':i %'
0.i. The remainder of the drag curve must be Inferred from other- sources. ,

Three regu]ar fragments (sphere, cube and bar) which were tested in
reference (a) were also tested in the vertical wind tunnel. In reference (a)
however, C was obtained at a Mach Number of approximately .75. The results
were as fO2lows:

C CD
Wind Tunnel Reference (a) Delta

Sphere .42 .60 * .18 .

Cube .64 .88 + .24
Bar .94 1.12 + .18

As seen in the table, CD at Mach .75 is about .2 higher than C at
mach .1 for all three fragments. Owing to the consistancy in the rise of C
from Mach .1 to Mach .75 ror the three regular fragments, it seems reasonable I-
at this time to accept the same rise in C0 for irregular fragments. In this
"way, the shape of the subsonic drag curve (as a function of Mach Number) for
irregular fragments is established'.

Experience shoWs that range is more sensitive to changes In subsonic CD
than to similar changes in supersonic CD. This can best be seen In Figures 8
and 9. The shape or the trinsonic and supersonic portions or the d&ag curves
in F'gure 8 are approximations based on the study of scattered data in
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reference (a) and (b). Oti the left side o! Figure 8, the subsonic C0 is held
constant while the supersonic CD Iz alloweO to vary *.25 about the mean. The
range difterences from the mean are uoth less than 100 reet. On the right
side or Figure 6. tMe supersou3iC C is ke.)t about the same as before and the

: .-- •'A. . subsonic CD is allowed to vary A.29 about the mcan. If subsonic and
"-. "* Isupersonic CD were equally sensitive thcn the new range differences (deltas)

should be about twice what they were b.t•ore. Tn tact, they are about tour
times as large.

This range sensitivity can be further explained by the data ia Figuro 9
where velocity is plotted against range ratio tor a typical far--ield
trajectory. The range ratio is the fraction ot the total trajectory
traversed. From the tigu'e It czr be seen that only 25 percent oa the
trajectory is supecsonic while 75 percent is subsonic. Figures 8 and 9
d3monstrate that the subsonic portion oa the drag curve affects range much

owre than the supersonic portion.

"Tables A-4, A-5 and A-6 of Appendix A list all of tM. dimensiinless
ratios considered to date. when plots Or CD versus the ratios were made, the
beat correlation was obtained with the ratio A x/AAvG; that is, the ratio ot

the maximum presented area to the average presented area. This correlation is
shown on Figure 10 The value for A Ax is an average or the values
obtained using the Iczsahedron gage and Ghe equi.valent rectangular
"parallelepiped calculations. The total range ef uncertainty tor all irregular

* 5 tragments is trom about 0.5 to 1.5. The range of Co uncertainty at an average
"AMUIAAvG or 1.45 to 1.5 Is abrat 0.6. On average then, it can be said that
"the correlation reduces the uncertainty by about U) percent.

It is important to know what a 40 percent reduction In CD uncertainty-DV . means in terms or range uncertainty. Figure 11 shows this range uncertainty
aor a typical fragment trajectory with a presented area ratio or 1.5. The

range differences are large, about 18 percent above the average and 28 percent
below. In order to reduie the range uncertainty to an acceptable region or

. abouta l0 percent, it will be necessary to reduce the CD uncertainty by about
i 75 percent.

In asumary, the following observations can be made:

1. CD is a function Or siape only.

2. Range is more don3itiVe tc. subsonic than~ to iupersonic CD variations.

3. CD correlates with dimensionless parameters.

4. The A /AAV parameter' correlation reduos CD uncertainty by .
,• - .approximately 40 percent,

Significant problem. remain unresolved. For art acceptable range
uncertainty of about *10 percent, it will be necessary to reduce the CD
uncertainty by about 75 percent. This might he done in a variety or ways.
More etticiont correlation parameters might be established. The typical
motion or the rragments in the wind tunnel (Figure A-1 thru A-9 ot Appendix A)
might be used as an added correlation. Possibly. the use of presented are a
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other than dverage might be used In c:lculatirg C.. For example, In Figure
A-3 of Appendix A all fragments exhibit a flat rotation such that the area PO
presented to the air stream is much greater tin the average presented area. '

Another uniresolved problem involves the sh.ape o! the transowic and
supwaonlc portionz of the drag curve. At 'eC3cnL, the 3hape is only an
approximation based on scattered data contz.- - In references (a) and (b). A
practical method is needed to test irregulj "",Eiints ror CD In a supersonic
wind tunnel. The essential problem is the d. ign of a Fixture which will
allow the fragment to move freely and, at %.t% .ae time, continually measure
drag force.
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SWThis Appendix containe 6 Tables and 9 Figures.

V'S% Table A-i contains 16 presented areas measured by thr Ico3ahedron gage
f or the 84 fragments which could be mounted on the gage. Table A-2 presents
the linear and perimeter measureni.nt3 for all 96 fragmera.a. LWP, LTP and TWP
are the perimeter measu.ements in the LW, LT and TW planes, respectively.
Table A-2 also contains the subsonic (M - 0.1) CD measured for each fragment
in the vertical wind tunnel. Table A-3 contaits the presented area
measurement3 r'or the 96 fragments obtained from the icosahedron gage and
calculations using tho equivalent rectangular parallelepipeds. Tables A-4,
A-5 and A-6 contain the dimentlonless ratios which' were investigated as
correlation parameter, for C Note that the !ragments have been reordered in
ascending C to help In the SD correlation. The old frag number is that
designated ?n Tables A-, A-2 eand A-3.

"During the wind tunnel testing, the motion of' each fragment was
recorded. It was round that the motions could be defined in 9 distinct
types. Each figure shows the plan views (L-W plane) of those fragments
"exhibiting the distinct motion ir'icated on the figure. Two numbers are given
below each fragment. The first is the fragment number contained in Tables A-1,

. A-2 and A-3. The second number, in parenthesis, is the subsonic CD measured
In the vertical wind tunnel. It was hoped that knowing the shape, motion and
oCD might provide an additional ethod in cr oorelation. Currently, this ea3

, " CD ignot been realized. It io Interesting to note that only 35 percent ol the
traaments tumble randomly. This is at odds with the traditional assumption
that all fragments tumble randomly in flight. It is beuause of the

I --W btraditional assumption that CD 1s calculated using the average presented area.

I
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72 L.3 .612 LIM 3 LM.ifL 1.511.7 LIES.1 1.11 % L .2 1.65 L 1.00 1.711 LAM LM71 2.076
, L674 LS LIU L.7 1.111 1.11 1.27 1.221 L1 1.5M 1. 1.413 1.L- 1.5LA L.75L
16 L612 LIM LOA 1.31! 1-103 1.12 1 1.125 1.154 LI, 1.315 L= LM34 1.373 .1 M .L5T 1 65I
02 L.6310. LIU 1 Lill 2 &W.72 L&8* LIS 98* 1.015 1.13 1.31 1.U 202 .4011 1830 LIN
U. -. & ~oLI MLS I 1.314 L LW ML6I= MLMUS

A. 1.633 1.71 1.130 1.51 1N 1.11 IS3M 2 L 7 1.447 1 = LI 1.35 Mw11.7
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TABLE A2
FRtAWIENT DATA

KMYI UM *a M1 L" WN I" LW LTP 1w
O.Uam mm 11. DL ILi DL M. DL DL IN. IlL
I I 1.3L23 L25 L2 L3 &.3 L25 3,M 3.15 1.13 L.96
2 2 1534 9" DIEum 0 I.E Di. ML flINETEM m3.14 Il. CO u .U
3 3 121.81.7LIS3L76 LOS LS9L76 &.K 3.0 3.K L CA

3 5 L 1IL7M.UL61.LASI5.15 313 2.362.15 1.75 L.91
5 5 122.3 1.73 LAI 5.21 L6 &.4 LOS 3.63 3.311.25 I.19
s 5 1132 1.12. K 5. 25 1.8 L355L12 2.% 2.13 1.2 1.56
.7 5 1Z2.219 LU L68 271.51.5 L12 2.6 2.25 1.3 I.E
1 3 5 117 1.33 LII L21 L.2 L.6 LU 3.25 2.73 1.73 1.34
1-- -I 12 w51.~5.31.15M 25 1.1 .LS11 &.5 2.S 1.3 L.13
Is 5 M 12.4 &5572 L22 51.25L7 LOT.3.44 L311.31 1.9
11 5 12LS 1.01Lfl L2 1.1 5.5.12 2.91 2.31 1.51 L76

*.12 3 13LO LU L7SLM LtL ILI@8.1 2.75 ZU 1.73 LA
13 35 13.ULOS1.U.L" L7 5.G1L16 2.31 2.U 1.96 L.53
Ia 5 Mg LML975 L33 LO L5 L514 2.0 2.31 1.11 LS5
25 513 3 ILS L276 L325L9 L6 L.13 2.75 231 1.63 LU
sI 3 13L.1L.74 9,9 LN1.5L&5L11 3.6 &M.5 1.31 L95
17 3 W 211. L 12 &0 2.63 1.3 9
In 5 M1.6 USL71 L.34 1.4 Lb41L14 M65 2.73 Mr.D LIS
is S UL.I LU5.7455 L L.65 114 2.512Z13 1.61 1.21
31 M2 IL2.LO.L3. 1.3 Lfi L12 &Z32.81 1.91 1.29
21 5 IlL5aa51 A .27V1.35.&S.11 3M53Ml31.63 1.31

V7,2 3 ZLI 1.86 LO L315 L3 LK 12 460 A.0 L" 1.13
33 5 23.5 S.33 L L.3 LI 5.6 5.17 313 173 1.5 IAU
39 3 2%45 .6 LOT LNL LI LB51L14 3.19 239 1.96 1.4
35 3 23L 1. .L1 L.29 LS L.65L13 3.%1 2U 1.51 1.31
a 5 5 UL& LNIL79 LA4I L.556 L.14 3.W 3.M 1:73 1.19
21 3 261.6135.55.L431L45L6 LIS 3.91 I4.63 LOS
n 3 26.L35G54 1.35L.1LO 6 L16 3.93.312.56 1.33
33 6 MW7LA L741.LM 1.3 LS .16 3.13I 51.3 5.5
a- I 25L.1L74 L77 L35 1.7 L3513 &9513.031.75 1.24
31 3 WL LO Ln,.5U1.4 LI L.6 L21 ZU 144 2.U L.56
32 3 2714A l.W MY M6 1.5 L5 513 4.56 3.5w 1.96 LO
31 6 2ML 21 3LU5.45i LI L.63L22 LO 2.4 2.13 L96
a5 6 21L:L41.LO.L1 L.45L75L13 LU U 32.66 1.29
31 4 31LA1.U5.I. LO L2 LS 61.1 L 4.4.W1.01 L.7!
x 4 M69 LU5.U1.5 1.55L75L13 M3.7&3 1.73 1. s
v 6 3U.*LOLU5. MY LA L.7L1a6 375 &311I.5 3.
Ua 4 13.11.35.5I 31.35L7 11 1 343.111.81 5.3
38 33LI 1.42 LS131. 1.35.L9.14 46S2.512.63 L95
a-j 3 3=17 1.M L 74 L.57 LA6.1LX &.4413&"1.31 LIU
01 ' 33L2 L12 lU.ftL LI LO LIS 2.U 113 2.03 L76
42 6 33LO1.73 Lig L33 1.55L65L1S 4.Z 3.96 L75 5.3.
as a 31LI 271 LB5LIS 2.65L7 L13 7.25 L.25 1.% Lgr

4 33LO 1.175. L 5.L74 L1.117 L23 3.31 3M.523 L72
as a 33LI 1.31 LN LN 1.2 LT75.2 3.2 &.5 LZ2 LO
45 5 39.1ILSL ML C1 L3 L71 39&It3.52.25 L.53
4.7 6 M2L5.0 U L63 1. .751 LI U &W 13 X31 67
a5 5 3621.31 123 L.46 1.25L915.1. 4.0 12912.1k 1."1

Us 3 VL3 L31 L9.3 L 1.35L25.13 LU 2.U 2.5 1.14
w* MLS 12I~U. 5.95. L62 2 L2LA &0.S5Z 1.11
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TABLE A2 CONTINUED
FPAIGHENT DATA

FM VEV UU4~lu W'A1 Do1 L" m WIna1 Li LIP Vi
EL 1l~ DiM GUM. I IL. VL IL. DL' DIL UI. 1. co
Si A 31.2 2.2 L6 L51 2.8 L6 LIT AU 4.75 1.6 0 I.Ni
12 6 31J3 1.66 1.01 C.A 1.6 L.9 1.16 a., .1 2,.31 1 1.16
33 4 MI 1.62. L7 V.32 1.5 .1. LIS 46..5 2.1 L76
it A ULi6 2. 1. I. .27 2.6 1&9 L11 .25 4.31 2.2 1.11
m 5 4=2.7 L2. L L42 1.9 Ll7 L17 46.8 4L.V 1.09 LU
%6 4 M.12 75 L.7 L.37 2.3 LS &61 .9 5. 3,1.91 1.03
IT 6 "?1.7 1.5 LS .A 1.3 iL8 6.23 3.63 3.31 2.13 1L.1
u 6 " .12 L .51 L 1.5 2.1 L7• 16 k.u3 .25 z, 1.12
39 A 4L.2 U.S 1.3 L3S 1.6 1.1 &IS &V 3.13 2.94 1.53
a 6 48L1 L.156 L 1. 61 L3 LO93L24 3.63 3.44 2.32 L91
61 Al AL?, L47 LU L 2.1 LS L13 5.L6 35. 2.31 L96
61 4 L3, 1.0 L3. L39 .1. L?1. 29 .% 46" 2.01 1.73

S I 41 2.13 -L 1 L79 2.1 Li LIS 5.13 6.61 lZ L96
14 a 41 , -1.15 USLS 2.1 1.3 LI6.1 L31-81 3.25 L
a 3 3UIS1.72 L91 LAI1..1.9L L24 A 4.4 3.751.USA 1.5
is i 51M 1.62 L21 .39 1.4 1.3 LII 4. &16 21 1.6
6y 6 521.12.12.1.51L.Al 2.6 L831L17 5.5 4631 2.31 3L13
0 3 347.1 1.16 I.f 1L42 1.6 L3 L22 3.63 3.1 &.44 L.2
ft 6 ZT21.W 1.. 7 I L42 I U 1S L@l 5.56 4." L.25 l.9
To a 51.2 1.7' L16 L67 1.5 L7 L27 C. 4.13 ZS L1
71 a 6OL& 2.576%LLL3 2.3 L9 L15 L6.51232.13 LSD
72 6 621.1 LI11 1.1 L.30 2.1 1.1 1.14 5.53 &.31 2.71 1.53

2 6 QLi LI, L, iL" 1.61.1 .1 IS 4631 &63 2.9 L04
74 4 1. IL. It L66 1. LO3 L22 4653 U60 &N 5IL
15 6 51 .l5 1.7 L• 2A i. 1 l 21 5.1 5.6 52.691 L93
is 5 711, 2.12 1.21 L.2 1.1 1.6 L1. 5.78 431 &N LII
77 & 7l .2.61 5 L1. 2.6 L8 183 L635.5 2.11 t.21
6 a 77.3 LU 1,16 L3.3 2.9 1.7 21 7.46 6.13 2.U LI.

is 6 TILT 2.33 1.27 1.45 2.3 1.1. L 7.13 156 2.6 1.31
a A 777.6 LD1 L.5 2.3 L7 7 213 L63 L6.5.11 S L
a1 6 71L2L43 IL97 L43 2.4 L31.21 5.635.63 2.1t3 1.3
12 A W13 1.0 1.41 L3 1.6 1.1 L23 1.1 3.5 &% & .LI
la 6 ~.1 .171.76L AS 1.5 1.41L1S 3.693.65 3.3 LU
m4 6 L3 LIS . l, L43 3.1 L'S 16 LE 13 2.31 ILE
as A 1617.7 3.23 1.2? 115 2.7 1.1 L2it 7.31 6L7 2.31 31I
""6S 6 MI 3.37 1.15 1.4 &3 1.2 121 L11 L75 4.15 1.26
v A 17-4 &52• l 1 166 3.3 1.21 23 1..! PRO3.65 L.

6 - 1.99 IL. 3.iT 1 PH .4 3.3 1.2 L22 5.31 LU 3.91 1.3
U A 2M.72.31L411L17 2.51LS1L43 5.73 &GS &N LU0

6 5 IL L3271 2.011L73 2.41.6 LAS LIS15.91 3.% 1.71
11 2M 2I.L31 1.56 L 34A 61.1.6 25 £316.25 3.31 1.3

23 A 7.34.5 R 2.69 LD 7 4.3U1.51 L - M25 LU D.R6 1.42
0 9 314LI 4.3 1.UU.A 4.1iL L26. 1&8.511.31.31 1.31
15 A 32712 3.17 1.fl L.74 2.1 1.4 L.41 LS L931 4.69 1.1
is 7 13MI 3.17 2.01 2.33 3.12.61.23 563 LU LI1S 1.1

I* 7 31.4.231 &T 1.75 4.23&41.81 13.63 1.911L63 1.3

souRCE CODE
1- BAR (1/4 X 1/4 X 1 1/4) 5 - 76111 PK 165 PROJECTILE
2 - 1.08 IN. DIAMIETER J3PHERE G. - P1K 84 LOW DRAG BOMB
3 - .76 IN. PER SIDE CUBE 7 - P1K 82 LOW DRAG BOMB
4 - 1SSW1 Mi87 PROJECTILE

*' -I'
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TABLE A3
ICOSAHEL )N V3 CALCULATED AREAS

FRAr "IN AREA MAX AREA AVG AREA STO DEV VRRIN"E
NO. ICOS CALC ICOS CALL ICOs CALC ICOS CALC ICOS CALC

1 01. 2ic 6. 07 0.43 0. 5ý? 0. 34 0-:58 1. 07 0. 09 01.003 0.009
2 9D. 79 0.79 0.79 0.79 0.18 0.79 0.00 0.00 0.000 0.04

3 9.6o4 0.58 0.98 1.00 0.87 10.87 0.10 0.09 0.009 0.90a
A 0.19 9.06 0.37 0.47 0.30 l. 31 9.0,5 .11 0.00.3 0.012
3 9.17 0.04 v' 58 0.66 0.37 0.41 0.12 0.16 0.013 0.027
6 0.16 0.06 9.41 9.52 0.30 0.3A 9.07 0.12 0.005 0.015
7 0.29 0.06 9.41 8.52 0.30 0.34 0.07 0.12 0. a5 9.015
8 9.18 0.05 0.59 a.73 0.37 0.44 9.12 0.19 0.915 W.9036
9 0.19 0.96 0.50 1.57 h.35 0.37 9.09 0.14 0.089 6.019

19 0.23 0.05 8.70 9.85 1.4.3 0.49 0.15 0.22 5.P23 0.050
11 0. 20 8.06 0.49 8.57 .34 9.37" 908 Ff.1-& 0.007 0.018
12 9.21 0.00 0.51 0.65 .33 0.49 6. 19 9.16 9.016 0.927
13 9,21 9. 19 9.36 0. 4 . .28 0.3. 0.05 0.10 9 0. .0.909
14 9.19 S. (07 0.46 0.52 0. 3* 9.35 0.07 0.12 0.9WS 0.014
15 9.22 0.98 G. 46 9.56 0.J4 09.37 0.07 9.13 0.905 0.917
16 9.21 9.05 0.57 0.71 0. A2 9.466 0.11 0.17 0.011 0.029
17 0.21 0.06 0.55 0.67 0.76 9.19 4. .1 0.1 I 09. M 6.026
1i 1,25 0.96 6.52 0.69 WP . " A.41 0.09 0.13 0.067 69.01
19 38.21 S.08 @.=2 9.62 0. 0.41 6.19 0.15 0.110 0.021
29 0.22 9.07 0.62 0.LM 0. 0.50 0.10 0.26 0.0:0 0.039
21 0.20 0.96 0.74 0.92 6.-a 0.56 0.16 0.23 0.926 0.054
22 0.28 9.07 0.68 0.92 0.55 0.57 0.1 0.23 9.025 0.953
23 9.27 0.10 0.61 0.69 0.45 9.47 0.10 0. 1IF 0.010 0.024
21. I.27 0.11 I'.' 9.82 0. 4,t 9.52 0.16 0.20 0.625 0.0,40
25 9. 26 0.09 0.79 0.93 0.53 0.59 0.17 0.23 0.029 0.051
2S 8.29 9.99 0.76 O.93 IL54 0.59 I.14 0.23 S.32O 9.951
27 9. 34 0.09 0.75 0.937 0.54 0.57 3.12 0.21 0.915 a. 043
29 IL.3,5 I. 1, 0.75 6.81 0.54/ 0.54 0.12 0. 1i 0.014 0.936
29 8.35 3.13 9.69 0.01 6.51 3.54 I. 11 9.19 0.911 6.035
31 9.L3w ).im IL.74 9.89 6.51 3.59 &.12 0.21 0.016 0.0.3
31 9. 34 9.12 0.57 9.71 -4.6 4.5i 0. 07 0.15 0.005 0.0O2
32 IL29 9.07 6.81 0.99 6.62 3.65 3.14 0.23 0.919 0.055
33 I. 36 9.13 0.66 9.71 0.4E 0.51 9.97 9.15 0.995 0.022
34 I931 0.11 8.04 1.91 0. -1 0.65 9.14 0.24 0.819 0.059
35 IL.31 a. 03 1.05 1.17 0.69 0.74 0L.23 4.29 .3053 9.9•14
W I .36 3.19 9.99 1.39 9.62 -. 69 0.19 9.26 0.931 0.069

37 0.30 0.11 6.85 1.01 0.61 .1.6 0.915 0.24 0.923 9.058
39 4. 35 0.12 8.79 9.95 0.55 0.63 9.14 0.22 0.019 0. 049
39 9.42 0.13 1.05 1.19 9.71 0.74 0.260 9.30 0.640 0. 69
As 6.28 0.12 0.77 9.09 9.62 0.62 0.12 9.26 0.015 Gi. B39
41 0.8 9 .15 0.70 9.92 6.58 3.62 0.06 0.21 6.604 0.043

-42 9.42 0.11 i.9B 3.95 9.65 ".65 6.12 6.21 6.015 3.04a
43 t. 55 9.07 1.43 1.94 1.02 .97 0.24 0.49 6.056 0. 235
44 0.39 6.16 0.66 9.93 0.55 .66 0.07 9.17 0. a" 0.029
4, 9.L41 0.15 0.79 0.89 0.39 . G2 0.11 9.19 .6.12 0.037

I46 941 0.14 3.93 9.96 V.54 .66 0.14 0.21 0.028 0. 61
47 L.47 0.13 0.92 1.02 0.63 .69 0.11 0.24 0.012 0. 5S

s I6.40 0.15 0.97 1.11 0.68 72 0.19 0.27 0.037 0.0/1
419 0.37 3.15 6.96 1.08 d.64 .71 3.16 9.25 0.025 0.064
53 Q.43 L. 16 0.93 1.90 0.64 .58 0.12 0.23 0.015 0.052
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TABLE A3 (CONTINUED)
ICOSAHEDROM VS CALCULATED AREAS

FRAG, MIN AREA MAX AREA AVO AREA STO DEV VARIANCE
NO. ICZS CALC ICOS CALC ICOS CA'.C ICOS CALC tCos CALC•/51 0.4•0 0.10 1.05 1.25 0.70 0.82 0.19 0.30 0.037 0. 008

52 0.41 0.13 1.20 1.31 0.77 0.83 0.26 0.32 0.068 0.104
53 0.54 0.13 0.90 1.10 0.75 0.74 0.11 0.25 0.012 0.064
54 0..34 0.10 1.67 1.82 0.L96 1.07 0.41 0.4!3 0.169 0.220
55 0.46 0.12 1.20 1.37 0. 85 0. 8 0.23 0.33 0.051 0.111
56 0.36 2.09 1.39 1.55 0.93 0.59 0.27 0. 39 0.072 0.144
57 0.46 0.19 0.96 1.10 0.73 0.76 0.15 0.24 0.022 0.059
58 0.29 0.11 1.34 1.51 0.97 0.ss 0.:6 0.37 0.069 0.13W
59 0.4-5 0.15 1.55 1.53 0.92 1.02 0.35 0.41 0.121 0.169
60 0.49 0.19 0.97 1. 10 0.73 0.7? 0.14 0.24 0.020 0.057
61 3.53 0.12 1.66 1.91 1.03 1.124 .36 0.50 0.1"31 0.246
62 0. " 0.14 0.99 1.32 0.86 3.8a 0.10 0.31 0.010 0.094
63 0.486 .12 1.39 1.71 0.93 1.06 0.3. 0.43 0.089 0.187
64 0.52 0.13 1.94 2.02 1.15 1.19 0.47 0.53 0.225 0.- 30
5 0. L5 0.14 1.13 1.17 0.79 0.93 0.29 0.25 0.040 0. I603

66 0. 53 0.19 1.36 1.4A 0.95 0. 93 0.26 3.35 0.C67 0.120
67 0.62 0.14 1.45 1.64 a.97 1.04 0.25 0.45 0.06 4 0.164
653 0.59 0.17 1.14 1.34 0.86a @.g 0.20 0.31 0.039 0.094
69 Q. 37 0.15 1.28 1.57 0.9Z 1.01 0.21 0.38 0.044 0.143
75 9.43 0.19 0.91 1.14 0.75 0.82 0.13 0.24 0.518 0.053
71 0.51 0.13 1.86 2.10 1.15 1.27 0.42 0.54 0.174 0.21__0
72 0.61 0.16 2.09 .34 1.26 1.39 0.4-9 0.61 0.242 0.370
73 14.52 0.21 1.69 1.90 i.0fi 1.14 0.36 0.44 0.127 0.196
74 0i. 64 0.10 1.44 1.59 1.01 1.06 0.24 0.37 0.059 0.136
7? 0.51 0.16 1.65 1.74 1.10 1. 1z 0.31 0.42 0.097 0. 173
76 0.47 0.2a 2,00 1.85 1.14 1.19 0.44 0.45 0.196 0.202
77 6.48 0.14 1.7G 2.13 1.17 1.34 0.558 0.53 0.4.47 0.291
"73 0.94 0.14 1.96 2.04 2.29 1.33 0.30 0. 4V 0.088 r.2.39
79 0.68 0.17 2. 07 2.34 1.30 1.43 0. 42 0.59 I. 175 5.352
96 0.67 0.14 1.70 2.05 1.24 1.33 0.30 0.49 0.090 0.230
a1 8.55 0.17 1.61 1.99 1.23 1.29 8.26 0.45 0.067 P0.227
32 0.69 0. 26 1.55 1.92 1.05 1.19 0.29 0.43 0. 0"79 3.184
83 0.61 0.27 1.99 2.29 1.27 1.48 0.45 6.57 0. "IS 8.329
64 5.66 0.15 2.20 2.75 1,41 1.67 0.46 0.73 0.210 5.494g

" I 931 3.09 2.31 0.v71 a. sm
55 5L.26 4. 3 2.4" 1.03 1.053
97 0.29 4.04 2.56 1.32 1.,34
as 5.26 4.54 2.83 1.18 1. Ag
uS a.41L 2.53 1.96 6.5 IL. 24Z
so 0.43 2.64 1.93 6.54 0.208
311 6.35 4.20 2.64 •.00 1.151
592 5.33 6.53 3SI9 1.71 2. 959
93 5.39 6.25 3.91 1.55 2.549
S& 95.58 4.27 2.92 0.9• . 925
95 2.57 7.9 sD .37 1.11 1.232
is 2.94 14.9. U.32 3.33 11.079

-EXPANATION Or COLLMN HEADINGS
HMN AREA M- INIMUM PRESENTED AREA (SO. IN.)
IIMAX AREA - MAXIMUM PRESENTED ARL.. (S•. IN.)
AW.O AREA - AVERAGE PRESENTED AREA (SQ. IN.)
STD DEV STANDARD DEVIATION OF PRESENTED AREA (SQ, IN.)
;ARIANCE - VARIANCE OF PRESENTED AREA (IN. 4TH)
,co• - AREAS CALCULATED FROM ICO,4HEDRON GQGE DATA
CPA.C - ARFAS CALCULATED FROM APPROXIMATING RECTANCAULAR PARALLELEPIPEDS
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TABLE A
PRESENTED AREA RATIOS

. FR40 N3:. MAX / MIN MAX / VO AVO M PIN
NEW OLD CD Icas CALC lCos CALC ICOS CALC

51 424 .4 1.00 1.00 1.20 1.00 1.4 1.63
2 62 0.53 3.04 1.22 2.38
7 3 0.6.76 1.5 1.73 1.13 1.15 1.36 1.504 70 0.71 2.10 3. 99< 1.22 1.39 1.73 4.32

5 44 0.72 1.69 5. 05 1.2 1.39 1.4'1 :3.63
a 62 0.73 1.56 9.49 1.16 1.50 1.34 6.3:3

7 •53 ,.76 1.63 8.16 1.20 1.49 1.38 5.48
8 41 0.76 1.44 5.94 1.20 1.47 1.19 4.03
9 11 0.76 2.42 9.53 1.45 1.53 1.67 6.21

10 57 0.7a 2.10 6.05 1.31 1.45 1.60 ,4.18
11 35 0.79 3.36 14.41 1.55 1.58 2.17 9.89
12 90 9.7? 6.20 1.37 4.51
13 45 0.80 1.S5 5.91 1.34 1.43 1.46 4.14
14 as 03.80 6.24 1.35 4.64
15 82 0.81 2.27 7.08 1.43 ".52 1.58 4.66
1s 40 0.82 2.77 7.52 1.23 1.44 2.26. 5.21
17 13 ,. 83 1.72 4.67 1.26 1.42 1.37 3.29
1s 46 0 z '- 2.03 6.81 1.29 1.46 1.57 4.6"
19 16 0.83 '. 11 10.35 1.37 1.46 1.54 7.03
"20 73 0.64 3.24 8.60 1.59 1.58 2.03 5.44
21 76 0.84 4.28 9.13 1.75 1.56 2. 4 5.85
22 63 0.86 3.50 14.36 1.51 1.52 2.33 8.86
23 33 0.86 1.66 5.49 1.24 1.39 1.33 3.96
24 74 0.36 2.27 9.31 1.43 1.50 1.59 6.0a
25 39 0.86 2.50 9.37 1.47 1.61 1.70 5.82
26 65 . 66 2.49 8.18 1.42 1.42 1.75 5.77
27 47 0.87 1.76 7.81 1.30 1.49 1.35 5. 24
28 69 0.87 2.27 10.50 1.39 1.55 1.63 6.78
29 55 0.86 2.63 11 .1 1.42 1.56 1.86 7.58
30 64 0.88 3.76 15.99 I1.S 1.70 2.22 9.42
31 12 6.88 2.38 7.92 1.52 1.62 1.56 4.9J
32 27 0.89 2.20 9,87 1.37 1.53 1.60 6.44
33 83 0.69 3.25 8.56 1.56 1.62 2.08 5.28
34 7d 6.90 2.21 14.62 1.43 1.54 1.54 9.51
.35 32 0.98 2.8. 13.35 1.31 1.52 2.15 6.78

36 E9 3.90 1.99 5.80 1.32 1.43 1.50 4.05
37 4 0.91 1.90 7.46 1.23 1.50 1.Z4 4.99
3B 67 9.92 2.33 12.10 1.50 1.58 1.56 7.65
39 68 0.92 1.94 7.66 1.33 1.48 1.47 5.16
48 $ 5 0.93 10.07 1.53 6.59
641 72 8.93 3.41 14,7Z 1.56 1.69 2.05 8.75
""2 9 0.93 2.71 2O. 65 1.41 1.55 1.93 6.48
&3 1 0.9c 2.19 6.92 1.29 1.30 1.70 5.33
64 17 0.94 2.63 11.01 1.45 1.55 1.82 7.13
63 as 8.95 17.53 1.64 18.69
46 63 0.95 2.59 26.57 1.41 1.71 1.94 15.50
47 16 8.95 2.75 15.71 1.35 1.54 2.04 10.17
&8 b 0.96 2.52 14.44 1.37 1.53 1.84 9.42
,9 31 3.96 1.66 5.69 1.23 1.40 1.35 4.06

ON 50 29 S. jG 1.97 8.34 1.33 1.49 1.48 5.58

1574
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W• TaRLE A4 (CONTINLED)
PRESENTED AREA RATIOS

FRAO NO. MAX / MIN KAX / AVO AVG / MIN
tNEW OLD CD ICOS CALC YCOS CALC ICOS CALC

51 37 8.96 2.84 8.97 i.aI 1.54 2.82 5.85
"52 61 3.96 3.16 16.18 1.61 1.68 1.96 9.66
53 1 0.96 2.41 7.71 1.34 1.49 1.7S 5.19
S10 6.97 3.04 16. .6 1.61 1.73 1.89 9.47
53 87 0.90 14.53 1.62 8.91.
56 71 6.98 3.71 15.58 1.63 1.65 2.28 9.45

, 57 15 0.98 2.06 7.26 1.34 1.52 1.54 4.76
58 38 6.58 2.263 7.70 1.43 1.56 1.57 5.13
59) 42 3.90 2. &B 8.33 1.36 1.4G 1.53 5.69
6e 75 13.99 3.24 10.72 1. W 1.53 2.17 6.98

61 56 6.99 5.27 1.45 3.63
62 91 6.99 12.36 1.62 7.64
63 91 6.99 2.67 11.97 1.34 1.54 2.00 7.77
64 84 1.66 3.23 19.&5 1.57 1.65 2. 06 11.33
63a 93 1.61 15.97 1.64 9.72

"NO 66 S& 1.02 7.41 1.46 5.66

67 23 1.62 2.25 G.98 1.35 1.1-7 1.67 4.74
Go 59 1.63 3.43 18.55 1.68 1.63 2.04 6.49
69 56 1.03 3.67 16.68 1.48 1.57 2.61 16.64
76 4" 1.64 2.45 7.25 :-44 1.54 1.76 4.69
71 51 1.65 2.62 12.55 1.35 1.53 1.95 8919
72 7 1.65 2.39 9.86 1.36 1.53 1.54 5.75
73 6 1.06 2.62 9.%& 1.39 1.53 1.99 5.83

'"74 66 1.6w 2.56 7.59 1.61 1.55 1.59 4.9:

75 5 1. 11 1.95 6.18 1.31 1.47 1.49 4.21
S76 54 1.11 4.94 17.61 1.74 1.70 2.84 10.43w 77 5a 1.12 4.65 13.46 1.54 1.57 3.S3 8.51

- * 78 49 1.14 2.42 7.41 1.41 1.51 1.72 4.89
79 36 1.16 2.713 19.46 1.66 1.57 1.76 6.64
W 52 1.16 2.S5 .. &65 1.57 1.58 1.88 6.65
al 22 1.18 2.66 13.27 1.47 1.61 1.95 8.24
82 5 1.19 3.37 19.34 1.55 1.66 2.17 11.44
33 26 1.19 2. 6a 11.38 1.41 1.56 1.84 7.26
ft 34 19 1.21 2.43 -. 55 1.45 1.52 1.66 4.92"
so 86 1.24 15.79 1.64 9.63
36 34 1.246 2.4! 11.65 1.43 1.56 1.74 7.75

, %r7 77 1.29 3.64 15.13 1.51 1.59 2.42 S.56
.U 34 1.29 2.69 9.56 1.38 1.55 1.94 6.12
6 9 26 1.29 2.77 11.41 1.41 _.5 9 1.97 7.1Ir
99 25 1.30 3.05 11.51 1.56 1.57 2.64 7.35

""s 79 1.31 3.64 13.58 1.60 1.63 1.96 9.32
22 28 1.33 2.26 8.466 1.49 1.50 t.& 5.64
93 0 1.34 3.17 14.32 1.55 1.67 2.65 8.57
sk 94 21 1.38 3.72 14.29 1.56 1. 63 2.38 8.77
"5 92 1.42 1q.51 1.69 11.77
16 24 1.46 2.81 "7.46 1.61 1.57 1.74 4.76

"IWOS - PIESENTED AREA RATIOS CnLCULATE. FROI ICOS;W4EODRON 0,10C DATA
C0'(C - PRESENTED AREA RATIOS CACLCLATED FRM APPROXIMA•INO RECTkNiGULAR PbILEIF__
PIPE=D

.s.%F.

SI.
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TABLE AS
LINEAR AND STATISTICAL RIQTIOS

•.1/" FRA NO. SD / AAdO VAR I AAVO-2
NEWI OLD t) D L/T W/T L"/T" W*/T' ICOS CALC ICOS CRLC

1 2 6. 2 (SPIHERE)
2 9• 0.50 2.42 1.56 1.74 1.31 0.17 0.03* 3 3 0. 1.010 1.00 1.00 1.10 0.11 1,. 0.01 .. 1I
4 76 0.71 5.50t 2.57 3. 4:! 1. 406 0.18 El. 29 0.03 0.10

o.% S 44 6.77 4.69 2.98 2.33 1.56 0.12 0.29 0.01 0.14. 4. 6 62 6.73 9.06 3. 5.* . .61 2.03 0.11 0.35 0.01 0.14a*4 7 53 0.76 7.61 3.65 4.38 2.04 0.15 0.34 0.a2 0.16
&8 1 0.76 5.69 4.14 2.24 1.90 0.11 0.33 0.01 0.19

__ 9 11 6.76 5.22 4.19 5.50 3.11 0. -:5 0.37 0.06 0.3s
t1 57 0.78 5.74 3.53 4.11 2.53 0.20 0.32 0.04 0.13
it 35 8.79 14.02 4.43 8.36 2.101 0.34 0.3T 0.12 0.21
12 w 8.79 5.63 2.34 4.42 2.66 0.21 0.08
13 45 0.80 5.57 3.2'5 3.55 2.31 0.19 0.31 6.83 0.1!
14 89 0.80 5.50 1.98 3.57 1. G8 3 26 0.07"15 82 0.131 6. B 4.71 4.03 U. 1t 0.26 0 38 0.07 8.11"16 As 0.e2 7.08 3.03 3.86 1. 80 Z. 20 3.32 0.064 0.16
17 13 6.83 4.41 3.78 2.55 2.34 8.16 0.38 0.03 0.30
1i 4s 0.83 6,. 48 3.*49 3.73 2.59 0.22 0.33 0.05 0.16"1i i1 6.83 9.69 2.77 5. 70 2. 2 0.21 0.33 0.05 0.26
29 73 6.84 8.42 5.79 5.06 3.92 6.34 0.39 6.11 8.13
21 76 0.84 8.90 4.94 5.59 3.19 0.. 9 0.3M 0.15 2.12
22 63 9.86 14.09 5.37 7.35 3.38 0.3;2 0.41 0.10 0. I6
23 33 6.66 5.68 2.77 3.40 2.58 0.15 0.29 0.02 0.16
24 74 6.86 9.63 3.63 4.24 2.23 0.24 0. 35 0.06 0.I1
25 39 6.96 9.26 6.37 3.43 4.05 0.28 0.48a Q.39 0.22"26 65 W8. 9E 7.55 2.52 5.43 2.33s 0.25 0.30 0. ) 0. i127 47 6.97 7.49 3.74 3.49 1.86 0.17 0.34 0.03 0.17a 28 fig9 0.97 16.18 4.29 6.38 3.06 0.23 0.37 0.05 6.14

29 55 0.00 11.45 4L.22 6.71 2.47 0.27 0.3a 0.07 0.16
38 64 IB 1C .1. 7.92 &.32 4.14 0.41 0.4&5 0.17 0.17
31 12 8.89 7.79 7.79 4.55 4.15 0.38 0.41 Q. " 65.41"" 32 27 0.68 9.54 A.cs 5.16 2.48 0.2z 6.37 0.03 0.24
33 %.' 6. 869 8.43 7.37 5.76 5.07 0.37 0.41 0.13 6.12
34 a 6.98 14.02 3.51 7.774 2.55 0.23 8.37 6.05 0.10
35 32 6.96 12.75 3.36G 6.19 2.69 0.22 0.34 0.05 0.26
36 6-5.9a 5.&7 3.37 3.35 2.04 6.15 0.31 6.a4 0.1337 4 0.91 7.17 3.90 2.97 1.72 8.17 0.35 0.83 0.39
3a £7 6.92 11.79 4.72 7.23 3.27 6.26 6.39 8.07 8.15
39 GO 0.52 7.33 3.6S 5.01 2.92 6.23 0.34 0.065 .13&.1. 6 a s 6N.93 9.72 3.96 7.08 2.M13 3.36 0.13

41 7- 6E.93 14.159 7.64 9.66 5.41 6.31 w.&4 0.15 6.14
42 % 6.93 9.7G 4. 4 5.81 2.68 8.27 0.37 6.67 8.39
A3 a USa 5.17 1.15 5.16 1.15 0.21 0.23 a.604 0.14
S17 6.94 I1.65 &.16 5.84 2.56 8.2& 6.37 6.67 0.3245 6 65.95 17.21 5.44 16.86 A.31 6.42 6.17
6 43 6.93 26.29 7.06 10.3,3 5.33 0.23 0.435 0.0 6.19
%47 Is 65.93 15.16 3.55 0.76 2.42 6. 2Z 8.37 6.65 0.30
d6 am 6.96 13.84 3.46 0.65 2.22 0.24 0.37 6.86 0.18456 31 6.96 5.29 2.69 3.17 2.19 0.15 a. 29 6.02 8.17s6 25 6.96 7.59 3.69 4.94 2. 47 8.26 6.33 6.04 6.22
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5' TABLE As (CONTINUED)
LINEAR AND STATISTICAL RATIOS

_F". NO. so ,AV. VAR AAVG.2
NEW OLD CD L/T W/T L" /T" W" /T" ICOS CALC ICOe CALC

51 =7 0.96 S.s9 4.35 5.61 2.86 0.25 0.37 0.06 0.20

52 61 0.96 15.98 6.85 9.11 3.89 0.35 0.43 0.12 0.17

-Y 53 14 0.96 7.37 3.69 4.30 2.6R 0.22 0.34 0.05 0.33

v 54 10 0.97 16.22 .r 9.62. t2 .83 0.35 0.4-6 0.12 0.43

55 87 0.99 14.23 5.18 
7

. E.E 3.64 0.161 0.17

56 71 0.98 15.34 6.06 9.74 3.72 0.36 0. 42 0.13 0.14

57 is 0.98 7.03 4.69 4.29 3.04 0.21 0.36 0.05 0.35

59 38 0.S8 7.41 3.99 5.11 2.81 0.25 0.35 6.06 9.19
59 42 0.98 7.88 S-15 5.98 2.33 0.19 6.33 6.04 0.17

Go 7"5 0.99 10.3A 3.94 6.86 2.S1 0.29 0.37 0.me 0.12
61 96 0.99 5.02 4.06 3.34 2.73 0.32 0. 16

62 91 0.99 12.13 5.66 W. 91 1&.58 0.41 0.17

63 E1 0.99 11.55 7.".5 7.57 2.77 0.22 0.37 U.65 0.11

6"4 8A 1.00 IS. ýl 5.50 18.09 3.32 0.33 Q. 42 6.11 0.11

65 9.3 1.01 15.70 5.74 12.05 4.E3 0.42 0.1p

E6 94 1.02 7.04 3.48 5.27 2.EG 6.33 6.11

67 23 1.02 6.66 3.63 4.46 2.44 0.22 0.33 I.0 5 0.24

G6 59 1.03 10.38 6.49 6.57 4.86 0.38 0.41 0. 1. 0.17

"69 56 1.03 16.12 3.97 10.06 2.59 0.29 0.38 0.03 0.15
7. 48 1.04 7.05 5.29 4.0S 3.38 6.29 0.37 0.06 i.1!
71 51 1.05 12. 0 3.62 6.38 1.83 0.24 0.36 S.06 0.16

72 7 1.05 8.51 4.25 5.19 2.94 0.23 0.36 6.05 0.39
73 6 1.66 a. 66 4.33 5.53 3.23 0.24 0.37 6.06 a.&5
74 , 1.06 7.39 5.28 5.21 3.80 6.38 0. 37 0.09 0.15

75 59 1.11 5.91 3.94 2.82 2.18 0.19 0.33 6. 0 0.16

76 54 1.11 17.44 7.6M5 10.63 5.36 0.43 0.45 % I.1a 0.19

"77 58 1.k2 13.02 4.1-4 S.c 2.47 6.36 0.39 6.59 0.16
"78 49 1.14 7.16 4.46 4..5 2.70 0.25 0.36 0.06 0..1

719 36 1.16 10.13 4.73 6.26 2.93 0.29 0.38 6.29 0.21
98 52 1.16 10.21 5.16 5.86 b .3= 0.34 0.39 0.12 0.18
a1 22 1.18 12.S99 5.20 8.04 3.01 0.29 0.43 0.90 0.28

82 5 1.19 17.87 4.47 11.12 2.S4 0.31 0.40 0.16 6.39
9 3 26G 1.19 11.05 4.42 5.4 2.55 6.6 6A .36 6.67 0. 24
54 19 1.21 7.36 4.38 4.99 3.38 6.29 0.36 0. m 6.31
8.' a6 1.24 15.52 5.64 10.07 4.75 6.42 6.17
us 38 1.24 11.10 3.27 6.64 2.52 6.24 0.35 6.06 %.21
87f 77 1.29 14.74 4.54 9.36 3.11 6.33 0.43 6.11 0.12
. 3A 1.29 9.24 4.62 4.99 2.69 0.22 0.38 6.C5 0.22
5. 26 1.29 9,.15 5.15 5.61 2.92 6.23 0.46 0.5It s .31
W8 25 1.30 11.19 4.48 7.18 3.33 6.32 6.38 6.16 0.25

91 71 1.31 13.35 5.96 7.76 3.65 6.32 6.41 0.15 6.12
P9% 12 28 1.33 8.12 3.75 A.1i 2.16 0.22 0.35 8.65 8.22

93 6 1.34 14.15 7.07 3.45 4.78 0.33 0.43 0.11 Q.&3

A. 94 21 1.3• 14.64 5.61 6.49 3.53 0.34 0.41 5.12 8.36
95 92 1.42 19.67 6.96 11.16 5.31 a.•4 V.26
96 24 1.48 7.31 5.85 5.22 4.28 6.34 0.38 3.12 6.20

HEAD.INGS
L - VERGE LENGTH W - AVERAGE WIDTH T - AVE•AE THICKNESS
L' MAXIMUM LENGTH P..UPS AVERAGE LENGTH
W' M AXIMUM WIDTH PLUS AVERAGE WIDTH
T' M I'XIX1MUM THICKNESS PLUS AVERAIE THICKNESS

i -- STANDARO DEVIATION OF PRESENTED AREAS (60. IN.)
VAN VARIANCE OF PRESENTED AREAS (IN. 4TH)
m4MA12 - AVERAGE PRESENTED AREP SQUARED (IN. 4TH)

ICOS - AREAS CALCULATED FROM ICOSAHEDRON GAGE DATA
CALC - AREAS CALCULATED FRC•. APPROXIMATING RECTANGULAR PARALLELAEPIPEDS
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TABLE AG
"PERIMETER RATIOS

NEW OLD co LWP/LTP LWP/TWP LTP/TWP LWP/LMAX TWP/WMAX
1 2 0.42 1.00 1.00 1.00 3.14 3.14
2 95 0.z0 1.03 1.18 1.08 3.04 2. 913 3 0.64 1.00 1.00 1.00 4. 03 4.03
4 7A 0.71 1.01 2.03 2.00 2.42 3.035 a 0.72 1.08 1.47 1.36 2.83 2.74
6 62 0.73 1.25 1.9e 1.58 3.04 3.12
7 3 0.76 1.12 2.14 1.91 2.81 2.84
8 41 3.76 1.05 1.07 1.02 2.57 2.479 11 0.76 1.22 1.87 1.54 2.70 2.11"13 57 3.78 1.07 1.70 1.59 2.33 2.2211 35 0.79 1.10 2.42 2.21 2.29 2.66

12 9o 0.79 1.07 1.74 1.63 2.28 1.71
13 45 0.80 1.10 1.50 1.36 2.52 2.37
14, 89 0.93 1.01 1.48 1.47 2.22 2.6815 82 6.81 1.37 1.42 1.03 2.90 2.31
16 (A 3.82 1.33 1.90 1.90 2.21 2.32
17 13 0.83 1.16 1.19 1.03 2.78 2.431s 416 0.93 1.25 1.69 1.36 2.92 1.974 19 18 0.83 1. 11 1.6r9 1.52 2.25 2.55
28 73 0.84 1.36 1.68 1. 3.11 2.15
21 76 0.84 1.17 1.69 1.44 2.39 2.42
22. * -. l3e1as
.23 3 S.86 2.57 2.35 2.41 1.96.,-.. 23 33 .9 1. 1e 1.35 1.15 2.40 1.93

- 24 74 6.96 1.16 1.54 1.33 2.53 2.53
4 25 39 . 86 1.62 1.73 1.04 3.21 2.38

26 65 0.86 1.18 2.29 1.93 2.58 2.13
27 47 3.87 1.24 1:. S8 1.35 2.68 2.82.o29 fig 0. 07 1.1/ 2. 25 1.97 2. 57 2. 16
29 55 3.89 1. 2.99 2.59 2.40 2.253B E6, W.89 1.67 1.96 1.17 3.26 2.044 31 12 0.88 1.39 1.57 1.14 2.93 2.22
32 27 0.89 1.11 2.34 2.11 2o47 1.9633 93 3.89 1.54 1.563 1.05 3.23 k. 20
34 78 0.90 1.21 2.58 2.13 2.61 2.49j 35 32 6.96 1.33 2.09 2.03 2.17 2.52
35 6U 3.93 1.06 1.53 1.45 2.36 2.56
37 4 6.91 1.09 1.36 1.21 2.56 2.92
30 67 6.92 1.29 2.34 1.91 2.62 2.2539 5• 3.92 1.64 1.06 1.012 2.27 3.4`
43 85 3.93 1.15 2.78 2.40 2.42 2.2141 72 0.93 1-31 2.05 1.57 2.57 2.1242 9 0.93 1.14 2.64 1.79 2.47 2.5943 1 6.914 1.•2 2.88 2.92 2.52 3.92
4 17 8.9,4 1.14 2.00 1.75 2.34 2.38

45 as @.SO 1.16 2.44 2.13 2.37 2.05
As 43 3.95 1.16 3.74 3.22 2.68 2.31&7 s163.95 1.33 2.46 2.3Z3 2.12 2.73
4i0 1 3s.96 1.ea 3.83 2.7Y 2.33 2.55
AS 31 6.96 1.13 1.31 1.18 2.5G 2.34S56 29 6.9 1.04 1.9 1.99 -. 31 2.26
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TABLE A6 (CNTINUED
*m*5 PERIMETER RAT IOS

FfAG NO.
NEW OLD CD LNP/LTP LWP/TWP LTP/TWP LWP/LMAX TWP/WKAX

51 37 0.96 1.13 1.99 1.76 2.37 2.29

0 52 61 O.Se 1.12 2. A 2.19 2.30 2.2

"53 14 9.96 1.25 1.48 1.19 2.88 2.59

5t 16 9.97 1.45 2.29 1.59 2.32 2.08

W5 97 0.S8 1.35 2.41 1.78 2.52 1.80

56 71 0.98 1.15 2.85 2.46 2.36 2.22

57 15 6.198 1.1 1.63 1.41 2.73 2.22

59 38 9.98 1.08 1.90 1.76 2.23 2.10

59 42 .S98 1.09 2.43 2.25 2.46 2.65

""8 75 0.99 1.10 2.07 1.89 2.41 2.51

61 96 6.99 1.39 1.58 1.14 2. W 2.29

62 91 6.99 1.42 2.29 1.61 2.69 2.11

63 81 IL99 1.00 2.64 2.64 2.32 2.20

54 64 1.18 1.Z6 3.41 2.52 2.1(A 2.16

65 93 1.61 1.31 3.95 3.02 2.85 1.57

S. 4 1.62 1.26 1.03 1.45 2.70 2.48

"67 23 1.02 1.14 1.66 1.' 2.35 2.58

G6 59 1.03 1.54 1.64 1.06 3.6 2.16

* 69 56 1.03 1.03 3. 5 3.14 2.14 2.38

76 AS 1.64 1.39 1.42 1.62 2.96 2.29

71 51 1.85 1.83 2.89 2.91 2.1S 2.6C

72 7 1.15 1.26 1.79 1.-, 2.66 2.56

"73 6 1.66 1.20 1.71 1.42 2.51 2.21

"74 66 1.86 1.47 1.56 1.09 2.78 2.34

75 58 1.11 1.26 1.* 1.15 3.29 2.59

75 54 1.11 1.22 2.10 1.77 2.51 2.16

77 58 1.12 1.13 2.14 1.89 2.37 2.30

78 A9 1.14 1.35 1.99 1.40 2.90 2.42

72 36 1.16 1.69 2.14 1.97 2.23 2.19
0W 52 1.16 1.34 1.92 1.43 2.67 2.16

a1 22 1.18 1.06 2.70 2.78 2.17 2.22

62 5 1.19 1. " 2.9- 2.86 2.11 2.66

63 26 1.19 1.27 2.22 1.75 2.62 2.22

VA 19 1.21 1.32 1.66 1.26 2.87 2.29

US 86 1.24 1.31 2.16 1.61 2 51 2.15

.6 3P 1.24 1. 9 2.25 2.07 2.26 2.27

. 7 77 1.29 1.19 2.74 2.31 2.36 2.35

60 34 1.29 1.19 1.91 1.61 2. F4 2.31
0 9 26 1.23 1.23 1.87 1.55 2.36 2.21

53 23 1.36 1.24 1.84 1.48 2.36 2.&w

91 79 1.31 1.41 2.65 1.89 2.82 2.12
12 29 1.33 1.56 1.70 1.61 2.54 2.6&
-l93 6 1.34 1.18 1.86 1.57 2.52 2.16;

94 -1 1.38 1.11 2.30 2o97 2.21 2.26

"-5 92 1.42 1.38 2.28 1.68 2.72 2. 07

6S 24% 1.40 1.34 1.64 1.23 2.96 2.16

L'P - P•RINETER IN LW PLANE (IN.)
LYP - PERINETER IN LT PLANE (IN.)
bWP - PERINETER IN TI PLANE (IN.)

primLMAX- NAXIMMU LENGTH (IN.)

WMIAX - MPXINUfl WIDTH (IN.)
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